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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the applytng of 
unnecessary load to an operator when inner force sense 
is not presented by interposing a clutch mechanism 
between an inner force sense presenting part and an 
inner force sense generating part, and disconnecting the 
clutch mechanism when the inner force sense is not 
presented, and always constantly maintaining the relative 
positional relation between the inner force sense 
preventing part and the inner force sense generating 
part 

SOLUTION: Both end surfaces of a grip 120 are formed 
with a clutch 150 for connecting and disconnecting the 
grip 1 20 to/from a robot. In the case where presentation 
of the inner force sense is not performed, the clutch 150 
is opened so as to release the mechanical connection of 
the grip 120 to the robot. Change of position and 
posture of arms of an operator is converted to the signal 
as a change of relative position and posture between the 
grip 120 and the robot by radial direction displacement 
detecting sensors 170... and an axial direction detecting sensor 180, and the signal is sent to a 
central computing unit, and control is performed so that the grip 1 20 always maintains a nearly 
constant relation to a grip support part of the robot With this structure, applying of the force 
and the friction resistance, which are generated from the mass of the robot, to the operator is 
eliminated. 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim l] The inner-force-sense presentation section with which an operator holds or equips The 
inner-force- sense generating section which gives the load according to operation of an operator etc. to the 
above-mentioned inner-force sense presentation section The clutch mechanism which is inner-force-sense 
presentation equipment equipped with the above, and was inserted between the inner-force- sense 
presentation section and the inner-force- sense generating section, A detection means to detect the 
position and posture over the inner -force -sense generating section of the inner-force-sense presentation 
section, While having the control section which controls the above-mentioned inner-force-sense 
generating section based on the detection result by the above-mentioned detection means etc., making the 
above-mentioned clutch mechanism into an integrated state at the time of presentation of an inner force 
sense and making the above-mentioned clutch mechanism into an uncombined state at the time of 
un-showing [ of an inner force sense ] It is characterized by for the above-mentioned control section 
controlling the inner-force-sense generating section based on the detection result of the above-mentioned 
detection means at the time of un-showing [ of an inner force sense ], and always fixing relative-position 
relation between the inner-force-sense presentation section and the inner-force sense generating section. 
[Claim 2] The inner-force -sense presentation section side clutch element in the above-mentioned clutch 
mechanism and an inner-force- sense generating section side clutch element are inner force-sense 
presentation equipment according to claim 1 characterized by preparing the taper section in the portion 
which is combined by concavo-convex fitting and fits in mutually [ the two above-mentioned clutch 
elements]. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to new inner-force-sense 
presentation equipment. It is related with the technology of making it not give an operator an 
unnecessary load in detail at the time of un- showing [ of an inner force sense ]. 
[0002] 

[Description of the Prior Art] For example, there is inner-force sense presentation equipment which gives 
the resistance received when the same feel and the same real object are operated with having touched the 
real object at the operator when an operator touched a virtual body within a virtual space or operated a 
virtual body and the same resistance. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, if it was in conventional inner force sense 
presentation equipment, since the portion which an operator holds, or the portion with which it equips 
was combined with the inner-force-sense generating sections, such as a robot which always generates an 
inner force sense, when not performing inner-force- sense presentation and the operator was going to 
move the own arm etc., the operator sensed the mass (inertia) and frictional resistance of the 
inner-force-sense generating section, and there was a problem of producing sense of incongruity. 
[0004] Although the method of miniaturizing the inner-force -sense generating section as much as possible, 
or reducing the frictional resistance of moving part is taken in order to avoid this, if it is this method, the 
performance of inner-force-sense presentation equipment will be influenced by the ratio (an output/size) 
of an actuator. Especially the actuator from which a satisfying (an output/size) ratio is obtained with arm 
type inner-force-sense presentation equipment with the need of showing the big force does not exist in the 
present condition. 

[0005] Although there is also an example which mitigates the sense of incongruity to an operator by 
forming a force sensor as the other methods between the portions and the robot sections which an 
operator holds, and controlling a robot actively based on the signal, it is impossible to lose sense of 
incongruity completely because of the delay which surely exists in a control loop. 

[0006] Moreover, the thing indicated by JP, 8*257947, A and JP, 9- 109070, A Although sense of incongruity 
is not given since an operator is not restrained, since it is the method which the body model which gives 
an inner force sense is beforehand prepared [ method ] for the operator as a means to show an inner force 
sense, and makes it touched with an operator's finger etc. In case reaction force presentation from the 
body with which the configurations in a virtual space differ is performed, each body model which exists 
really must be prepared and there is a problem that equipment will be complicated, 

[0007] Then, this invention makes it a technical problem to make it not give an operator an unnecessary 

load at the time of un showing [ of an inner force sense ]. 

[0008] 

[Means for Solving the Problem] In inner-force sense presentation equipment equipped with the 
inner-force -sense presentation section with which an operator holds or equips in order that this invention 
inner-force-sense presentation equipment may solve the above-mentioned technical problem, and the 
inner force sense generating section which gives the load according to operation of an operator etc. to the 
above-mentioned inner force sense presentation section The clutch mechanism inserted between the 
inner force sense presentation section and the inner-force sense generating section, and a detection 
means to detect the position and posture over the inner-force- sense generating section of the 
inner-force sense presentation section, While having the control section which controls the 
above-mentioned inner- force sense generating section based on the detection result by the 
above-mentioned detection means etc., making the above-mentioned clutch mechanism into an integrated 
state at the time of presentation of an inner force sense and making the above-mentioned clutch 
mechanism into an uncombined state at the time of un-showing [ of an inner force sense ] At the time of 



un-showing [ of an inner force sense ], the above-mentioned control section controls the inner-force sense 
generating section based on the detection result of the above-mentioned detection means, and 
relative-position relation between the inner-force-sense presentation section and the inner-force-sense 
generating section is always fixed. 

[0009] Therefore, if it is in this invention inner-force-sense presentation equipment, since the 
inner-force-sense presentation section and the inner-force-sense generating section are mechanically 
separated at the time of un-showing [ of an inner force sense ], this thing does not have an unnecessary 
load by an inertia force, frictional resistance, etc. of the inner-force-sense generating section to an 
operator. 
[0010] 

[Embodiments of the Invention] Below, the gestalt of operation of this invention inner-force-sense 
presentation equipment is explained with reference to an accompanying drawing. In addition, the gestalt 
of the illustrated operation grasps the grip whose operator is the inner-force sense presentation section 
about this invention, and applies it to the equipment with which an operator receives inner -force -sense 
presentation through this grip. 

[0011] The image of the inner-force-sense presentation equipment 10 whole is roughly shown in drawing 
1 . 

[0012] Inner-force sense presentation equipment 10 is equipped with the many bowls type robot 20 as the 
inner force sense generating section. A robot 20 has the 1st arm 30 and the 2nd arm 40. The end face 
section is supported by the upper limit of a pedestal 50 free [ rotation ], and rotates the 1st arm 30 
horizontally by the motor 60. The 2nd arm 40 is supported by the rotation edge of the 1st arm 30 free 
[ rotation ], and is horizontally rotated to the 1st arm 30 by the motor 70. 

[0013] The grip supporter 90 is supported by the rotation edge of the 2nd arm 40 free [ movement in the 
vertical direction ] through the ball spline 80. It is moved in the vertical direction by the motor 100, and is 
made to rotate the ball spline 80 to the 2nd arm 40 by the motor 110. 

[0014] It considers as the rotatable to the ball spline 80 at the circumference of the X-axis, and the 
circumference of a Y-axis (refer to drawing 1 ), and rotates to the circumference of the X-axis by the motor 
130, and the grip supporter 90 is rotated to the circumference of a Y-axis by the motor 140. 
[0015] The composition of grip 120 periphery is shown in drawing 2 . 

[0016] Crevices 151 and 151 are formed in the ends side of a grip 120 as a clutch element which 
constitutes some clutches 150 for combining a grip 120 with a robot 20, or dissociating. Moreover, the 
square frames 160 and 160 are formed in the grip supporter 90 so that the both ends of a grip 120 may be 
surrounded, and the both ends of a grip 120 can be freely moved now by the state where it does not 
connect with a robot 20 with a clutch 150, within the limits of these frames 160 and 160. 
[0017] in the above-mentioned frames 160 and 160, the edge of a grip 120 is surrounded from four 
directions, respectively - as ■- radial - a variation rate - the detection sensors 170 and 170 and ... are 
arranged These radial displacement detection sensors 170 and 170 and ... are optical. As it consists of the 
floodlighting sections 170a and 170a which succeed in a pair, ... and light sensing portions 170b and 170b, 
and ... and is shown in drawing 3 It is arranged so that an optical axis with 2 sets of mutual 
hoop -direction detection sensors 170 and 170 may intersect perpendicularly in each frames 160 and 160, 
and the radial variation rate and radial inclination to the grip supporter 90 of robot 20 point of a grip 120 
are detected by non-contact. Moreover, the shaft-orientations detection sensor 180 is formed in the 
position which countered one end face of the grip 120 of the grip supporter 90. This shaft-orientations 
detection sensor 180 is optical, and detects the variation rate of the shaft orientations of a grip 120 by 
non -contact. 

[0018] It is supported free [ movement in the direction as for which the joint pins 152 and 152 which 
constitute a clutch 150 carry out a disjunction to the direct-acting guides 153 and 153 supported by the 
grip supporter 90 to the end faces 151 and 151 of a grip 120 ]. Let the portions 152a and 152a which 
countered the end face of the grip 120 of the joint pins 152 and 152 be the crevices 151 and 151 formed in 
the end face of a grip 120 as a clutch element, and the projected part in which concavo-convex fitting is 
possible. The above-mentioned joint pins 152 and 152 are moved by air cylinders 154 and 154. The 
notches 155b and 155b which the connection rods 155 and 155 were arranged between the 
above-mentioned joint pins 152 and 152 and air cylinders 154 and 154, and the end sections 155a and 
155a were connected with the point of the pistons 154a and 154a of air cylinders 154 and 154, and were 
formed in the other end of the connection rods 155 and 155 are engaging with the connection pins 152b 
and 152b which protruded on the joint pins 152 and 152. Therefore, the joint pins 152 and 152 combine 
with the edge of a grip 120, or are separated by the drive of air cylinders 154 and 154. The joint pins 152 
and 152 are moved in the direction close to a grip. Namely, projected part 152a, When 152a fits in with 
the crevices 120a and 120a of a grip 120, clutches 150 and 150 will be in an integrated state (state of ON), 



and the grip 120 which is the inner-force-sense presentation section, and the robot 20 which is the 
inner-force-sense generating section are combined. Moreover, the joint pins 152 and 152 are moved in the 
direction estranged from a grip 120. By canceling fitting with the projected parts 152a and 152a and 
crevices 120a and 120a of a grip 120, it will be in the state (state of OFF) where clutches 150 and 150 
opened, and a grip 120 and a robot 20 will be separated. 

[0019] Moreover, in the state where the grip 120 was combined with clutches 150 and 150, a grip 120 is 
made impossible [ rotation impotentia and movement] to clutches 150 and 150. 

[0020] Furthermore, 6 axial-tension sensor 190 is formed in the grip supporter 90 (refer to drawing 1 ), 
and when an operator operates by this 6 axial-tension sensor 190, the force applied in each shaft 
orientations (refer to drawing 1 ) of X, Y, and Z and the direction of the circumference of these shafts is 
detected. 

[0021] A control-block view is shown in drawing 4 . 

[0022] the motor control section 210 by which a control section 200 controls a robot's 20 motors 60, 
70,100,110,130, and 140, and radial ■• a variation rate based on the signal from the detection sensors 
170 and 170, the shaft-orientations detection sensor 180, and 6 axial-tension sensor 190, and the 
signal about the phase of each motor from the motor control section 210, the position of an operator's 240 
hand is computed or it consists of central operation part 220 which computes a suitable instruction value 
to motors 60, 70,100,110,130, and 140 Moreover, the terminal for outputting and inputting a visual sense, 
or the equipment and the signal which are displayed in acoustic sense is prepared in the central operation 
part 220 in the body in an external device 230, for example, a virtual space. 

[0023] Below, operation of the above-mentioned inner-force sense presentation equipment 10 is explained. 
[0024] The operator 240 shall always grasp the grip 120. 

[0025] First, the case where an inner force sense is not shown is explained. Here, when not showing an 
inner force sense, for example, when inner-force- sense presentation equipment 10 is applied to a virtual 
reality, it is the situation (a body is not reached yet) that an operator 240 is going to lengthen a hand and 
is going to touch the body, or the situation that an operator 240 moves a hand etc. regardless of a virtual 
body is pointed out in the direction of the virtual body in the virtual space which consisted of technique, 
such as CG (CG). 

[0026] In this situation, it is in the state where the clutch 150 is open, namely, fitting with the projected 
parts 152a and 152a of the joint pins 152 and 152 and the crevices 151 and 151 of a grip 120 was canceled, 
and, as for the grip 120 and the robot 20, mechanical combination is solved. 

[0027] An operator 240 can move an arm at arbitrary directions and speed, with the grip 120 held, the 
position of an operator's 240 arm, and a posture ■■ sometimes - change of**** - radial - a variation rate 
-- it is signal ized as the relative position of a grip 120 and a robot 20, and change of a posture by the 
detection sensors 170 and 170, the shaft-orientations detection sensor 180, and is sent to the central 
operation part 220 In the central operation part 220, the signal about the phase of the motors 60, 
70,100,110,130, and 140 from the motor control section 210 and the signal from the above-mentioned 
sensors 170, 170, 180 are compounded, and the position to the robot 20 of an operator's 240 arm and a 
posture are computed. Moreover, to fit in the above-mentioned sensors 170 and 170, the range with the 
suitable output signal of 180, by calculating the instruction value over motors 60, 70,100,110,130, and 140, 
and outputting to the motor control section 210, it controls so that a grip 120 can always maintain the 
physical relationship of abbreviation regularity to a robot's 20 grip supporter 90. Since in other words it 
follows, maintaining a spatial fixed distance which has a robot's 20 grip supporter 90 to the arbitrary 
movement of a grip 120, an operator 240 does not sense the force (inertia force) or frictional resistance 
which are generated from a robot's 20 mass. 

[0028] it described above - as -- the above-mentioned detection means, i.e., radial, a variation rate -* 
since the central operation part 220 always grasps the absolute position in the 3-dimensional space of a 
grip 120 by the detection sensors 170 and 170, the shaft-orientations detection sensor 180, it is not 
necessary to form separately the sensor for [ of a grip 120 ] detecting a position absolutely 
[0029] Below, the case where inner-force-sense presentation is performed is explained. 
[0030] When performing inner-force sense presentation, it will have been in the state, i.e., the state 
where the projected parts 152a and 152a of the joint pins 152 and 152 fitted into the crevices 151 and 151 
of a grip 120, where the clutch 150 is combined. 

[0031] If an operator 240 uses some bodies, such as his hand, or works on a virtual body within a virtual 
space using instruments, such as a stick According to physical properties, such as a skin friction 
coefficient of the virtual body defined beforehand, an elastic modulus, and mass, ai reaction force vector 
and the instruction value to the motors 60, 70,100,110,130, and 140 corresponding to it are calculated by 
the central operation part 220. Motors 60, 70,100,110,130, and 140 are controlled through the motor 
control section 210, and an inner force sense is shown to an operator 240 through a grip 120. At this time, 



with the virtual body in a virtual space, it is, when contacting in the case of a simple substance (for 
example, the thing which has a hand within a virtual space), and when contacting the body with which it 
exists in a virtual space in the case of the interaction of two or more bodies (for example, the stick grasped 
by hand within the virtual space), it may be. 

[0032] Moreover, both the encoder signal of motors 60, 70,100,110,130, and 140, and both [ one of the two 
or ] from 6 axial-tension sensor 190 are used for the feedback signal used in the case of inner-force-sense 
presentation. In this case, which signal is used will choose the direction where the processing result by 
which it judges by the central operation part 220, and an operator 240 succeeds in proper 
inner force sense presentation is computed. 

[0033] ON/OFF of a clutch 150 is changed by the case where it does not show with the case where an 
inner force sense is shown. 

[0034] the time of changing a clutch 150 from an OFF state to ON state -- radial - a variation rate the 
detection sensor 170 and the shaft-orientations detection sensor 180 adjust so that the position of a 
robot's 20 grip supporter 90 to a grip 120, a posture, the position of the projected parts 152a and 152a of 
the joint pins [ specifically as opposed to the crevices 151 and 151 of a grip 120 ] 152 and 152, and a 
posture may become suitable In addition, since it is controlling so that a robot's 20 grip supporter 90 can 
always maintain fixed physical relationship to a grip 120 when changing the clutch 150 into the OFF 
state as described above, especially in a suitable case for "fixed physical relationship" here to make a 
clutch 150 ON state, the above-mentioned adjustment operation does not have the need. Moreover, in 
order to make joint operation easy in the field which contacts mutually [ the crevices 151 and 151 of a grip 
120, and the projected parts 152a and 152a of the joint pins 152 and 152 ], the taper sections 151a and 
151a, 152a', and 152a' are prepared, respectively, and the range of the above "suitable" is large by this. 
[0035] In changing a clutch 150 from ON state to an OFF state, there are especially no restrictions. 
[0036] Since an operator 240 and the inner-force-sense generating section (robot) 20 will be in the state 
where it has not joined together mechanically when not showing an inner force sense if it is in the 
above-mentioned inner-force-sense presentation equipment 10, an inertia force, frictional resistance, etc. 
which are generated from the mass of the inner force sense generating section 20 do not sense the sense 
of incongruity by the force which originally should not be shown, and, as for an operator 240, can move 
the body freely in space. Simultaneously, in case this designs inner -force -sense presentation equipment, 
the restrictions of it on design that equipment must be miniaturized are lost so that sense of incongruity 
may not be given to an operator, and it extends the flexibility on the design of inner force sense 
presentation equipment - the equipment which presents sufficient inner force sense using an actuator 
available now can be manufactured. 

[0037] Moreover, since reaction force presentation from the body in a virtual space cannot be performed 
through the body model which was prepared beforehand and which exists really but it can carry out by 
working on a direct-control person's body in the force when performing inner force sense presentation, 
the reaction force presentation from a body with arbitrary configurations is attained. 

[0038] In addition, if it was in the inner-force-sense presentation equipment 10 shown in the 
above-mentioned gestalt of operation, although the operator was the thing of the type which grasps a grip 
As are shown in drawing 5 and it is shown in the thing of the type which fixes grip 120A to the point of an 
arm 241, and drawing 6 The point of an arm 241 is equipped with the cylinder-like electrode holder 250, 
and the thing of the type this electrode-holder 250 [ whose ] itself has the same function as the 
above-mentioned grip 120 etc. can be considered. Moreover, since a hand 242 will open when thing 120A 
shown in these drawing 5 or drawing 6 and 250 are used, it also becomes possible to use together with the 
above-mentioned grip 120. 

[0039] Moreover, in the gestalt of the above-mentioned implementation, although the optical sensor was 
used for detection of the relative position between a grip and a robot's grip supporter, or a posture, you 
may be the oak and the contacted type sensor the **** capacity type non-contact type sensor which does 
not necessarily need to be optical, or whose force required for operation like a differential transformer is 
what does not give an operator sense of incongruity small. 

[0040] Furthermore, in the gestalt of the above-mentioned implementation, although an air cylinder 154, 
the direct-acting guide 153, the joint pin 152, the connection rod 155, and the crevice 151 of a grip 120 
have realized the clutch 150, if a clutch function is realizable, it will not be restricted to the 
above-mentioned thing. For example, if a solenoid, a motor, or voltage is impressed, it is possible to realize 
a clutch mechanism using the electroviscous fluid from which coefficient of viscosity changes. 
[0041] Also to portions other than an arm, for example, other parts of the body like a finger or a foot, 
although what presents an inner force sense to an operator's arm was shown in the gestalt of the 
above-mentioned implementation further again, inner-force -sense presentation is possible with the same 
composition. Moreover, it is also possible to show the whole upper extremity an inner force sense 



combining what [ what combined them ], for example, an arm, a finger, etc. 

[0042] Moreover, in the gestalt of the above-mentioned implementation, although the object with which 
an operator moves an arm or touches a body in 3-dimensional space was shown, when an operator 
operates only within the inside of the flat surface which limits a dimension, for example, has been made 
two-dimensional, it thinks. 

[0043] In addition, it passes over no the configurations or structures of each part which were shown in the 
above-mentioned gestalt of operation to what showed a mere example of the embodiment performed by 
facing carrying out this invention, and the technical range of this invention is not interpreted by these in 
limitation, 
[0044] 

[Effect of the Invention] So that clearly from the place indicated above this invention inner-force-sense 
presentation equipment The clutch mechanism which is inner-force-sense presentation equipment 
equipped with the inner-force-sense presentation section with which an operator holds or equips, and the 
inner-force-sense generating section which gives the load according to operation of an operator etc. to the 
above-mentioned inner force-sense presentation section, and was inserted between the inner-force-sense 
presentation section and the inner-force-sense generating section, A detection means to detect the 
position and posture over the inner -force sense generating section of the inner force-sense presentation 
section, While having the control section which controls the above-mentioned inner force-sense 
generating section based on the detection result by the above-mentioned detection means etc., making the 
above-mentioned clutch mechanism into an integrated state at the time of presentation of an inner force 
sense and making the above-mentioned clutch mechanism into an uncombined state at the time of 
un- showing [ of an inner force sense ] It is characterized by for the above-mentioned control section 
controlling the inner-force- sense generating section based on the detection result of the above-mentioned 
detection means at the time of un showing [ of an inner force sense ], and always fixing relative -position 
relation between the inner force -sense presentation section and the inner-force sense generating section. 
[0045] Therefore, if it is in this invention inner-force sense presentation equipment, since the 
inner force-sense presentation section and the inner-force sense generating section are mechanically 
separated at the time of un showing [ of an inner force sense ], this thing does not have an unnecessary 
load by an inertia force, frictional resistance, etc. of the inner force-sense generating section to an 
operator. Therefore, an operator does not sense sense of incongruity at the time of un- showing [ of an 
inner force sense ]. Therefore, the restrictions on design that equipment must be miniaturized are lost so 
that sense of incongruity may not be given to an operator, and the flexibility on the design of 
inner force-sense presentation equipment - the equipment which presents sufficient inner force sense 
using an actuator available now can be manufactured -- can be extended. 

[0046] Moreover, since the relative -position relation between the inner -force -sense presentation section 
and the inner-force-sense generating section is always maintained at abbreviation regularity even if 
between the inner force-sense presentation section and the inner force-sense generating sections is 
mechanically separated at the time of un-showing [ of an inner force sense ], a clutch being used as an 
uncombined state, it can go into the presentation state of an inner force sense easily from the state of an 
inner force sense where it does not show. 

[0047] Furthermore, since the relative position and relative posture of the inner -force -sense presentation 
section and the inner-force-sense generating section are detected by the detection means, the absolute 
position and posture of the inner-force -sense presentation section are computable by considering the 
position of the inner-force-sense generating section, and the information on a posture. 
[0048] If it is in invention indicated by the claim 2, the inner -force sense presentation section side clutch 
element in the above-mentioned clutch mechanism and an inner-force-sense generating section side 
clutch element are combined by concavo-convex fitting. Since the taper section was prepared in the 
portion which fits in mutually [ the two above-mentioned clutch elements ], when the relative -position 
relation between the inner-force- sense presentation section and the inner-force sense generating section 
lacks fitness a little (it may happen according to the delay of the flattery to the inner -force sense 
presentation section of the inner -force -sense generating section etc.) But two clutch elements can be 
combined certainly. 

[0049] Moreover, when two clutch elements are combined, the physical relationship of two clutch 
elements is always kept constant. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll A drawing shows the gestalt of operation of this invention inner-force-sense presentation 
equipment, and this view is a perspective diagram showing the whole outline. 

[Drawing 21 It is the side elevation showing the detail of the bond part of the inner-force-sense 
presentation section and the inner-force -sense generating section. 
[Drawing 31 It is the III-III view view of drawing 2 . 
[Drawing 41 It is a control block view. 

[Drawing 51 It is the perspective diagram showing the modification of the inner-force-sense presentation 
section. 

[Drawing 6l It is the perspective diagram showing another modification of the inner-force-sense 
presentation section. 
[Description of Notations] 

10 [ - A grip (inner-force-sense presentation section), 150 / - A clutch (clutch mechanism), 151 / A 
crevice (inner-force-sense presentation section side clutch element) 151a / - The taper section, 152a / -■ A 
projected part (innerforeesense generating section side clutch element) 152a* / - The taper section, 170 / 
- A radial displacement detection sensor (detection means), 180 / - A shaft-orientations detection sensor 
(detection means), 200 ] - Inner-force-sense presentation equipment, 20 - An 
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bt)1jt&±1$b<oftMtiL&mUi$Hc-feicl,x&< X 
olcLtzZk 

* 7 y t #ffc«dfe»« * 7 y b teWth&'S 

[38Wtf>»iNilfc$i3H] 
[oooi] • 

[000 2] 
[0 0 0 3] 

[«Wa»«*UJ:5i:-t-<5«H] ti5t?, WSk<»1)% 
^^(oWif^li^ob^^b, fi1t&£.tov>R 

[0004] m&fcttsfcfcfctt:, t)i£ft±&*Mj] 

[0 0 0 5] ^WteW^ftt LT, »f^#iS««-t-S» 



2 

~* <d ma® zmm-t z> m h *> z> # . t-i^t # 

[0 0 0 6] *fc, ^W¥8-2 5 7 9 4 7^1¥9 
- 1 0 9 0 7 OfcBttiSFftfcfcOtt, *fls#*:*l*Lfc 

[0 0 0 7] ^rt, #J8BI!rt\ ^Jt©#«*Nrfc»f^ 

Sir -fa. 
[0 0 0 8] 

[■UHfc»*1-*fc«>«>*&] #«!JI!;tj*fc**e«tt:, 

m-r^tinm^ub, &rf%<o®t¥mtzfc ± 

t U *jt©^tt*Nf^±E^ 7 

**:©*«*l*fcH:±aBK*i#gl:<Ci«*P 

&7Ft&btinft±nb<nfoM&mM&*mz.-'fcKvx 

[0 0 0 9] t¥oT, ^il^fffi^ggCfooXIJ, 

^©^tl^Ktt, Ji%W-^b*%&£&bi>mm 

mmmm icx^m<o^m s ^?>^bt>^\ 

[0 0 10] 

x-fozyy y^mo. m^v y7*in,xm'p%fct> 

[0 0 11] H 1 fc*jHt«*SS« 1 O^flso^^-^S: 

[0012] t>%^mm. 1 0 li^mil^SPt LT^M 

lo*^H2 0^||x.5„ o#yF20ttIlO7-A 
3 0Xt>*m2C0T-A4 0<H!x.'5. $1©7-A30 
«4*©SilS»ASS**BJ5 0O±ffilclH]iJ)Sffi{c5:«$ 
tt, ^-^6 0Jc«toT* s F*iSUclElib$4x5J:9tc/jr 

otl<>5. W>2<DT — A4 014^1 W7-A3 0©|e]il) 

jB«teia»a?a£K:3Ei#Six. *- ^7 0(cJ;oTmico 

so T-A3 0i^LT7K s F^rSltC|Hlitl$ix5J;5(-^oT 
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[0013]|2 COT — A 4 0 (Olsl»4SfflJCtt7K-/U^ 
^7^>-8 o'Sr^UT^y 9 0#±T*Ir»C 

-^ioonj;ot±T^(cM^ti, * 

1 1 OiaoTf OlC^LT0te-£L£>e> 

[0 0 14] ^^^9 0f±#— /W* -fy^i^ 8 
Ofc#LTX*WB9 3ttnr*Wa9 (HI 1 #B) KEH^ 
*t*ixT*5 9, * 1 3 OfcJioTXWJBflfcEME 
^-^14 OiaotYM 9 finite £*l 

[0015] g]2^y ryt/l 2 0^i2g&<£>«/££^ 

-To 

[0016] ^y^i2oossn^yy/i2 

7^1 5 oco-a5r*^i~2>^y y^-mmt ltwu 
151, i5i«^t^5o *fc, ^y^/n 

0©Pf««fcBtrJ:5fcEaAv^#i 6 0, 1 6 0^y 
^^$^9 0^Ktt?>ttT*5?), s^l 2 OOpf 
SSSPH:, ^7^f 1 5 OfCioTn/K^ h 2 0tCii£§£ 
tlTV>^l^ffiT*^, K#l 6 0, 1 6 OCO$5Hl*3-eg 

[0 0 17] ±E#1 6 0, 1 6 0l:ft^!ly^l20 
coaSI»Sr^tt-? ? tt4^l^^?>lffltf J: 5 te*ff*fiiaEffi* 
ffityf-i 7 0, 1 7 0, • • • jWKKSftTt^s. 
K^*fpi3Effi«mj-fe>"^-i 7 0, 1 7 0, • • -fi 

5t^COfc(OT\ ^5r^-TS3t^l 7 0 a, 17 0a, 

• • • t&itUi 70b, i70b, - ■ • k-em&Z 

tl, i3l^fJ:5iC, ##1 6 0, 1 6 0(^^X2 

m<Dmjjfa&m±^y— 1 7 0, 1 7oa*s^<o}t## 
* e£^sj:9fc:E«<**u ^y^i2o^D^>h2 

&ffl-t?>f— 1 8 o^^y ^^^9 0<D?V 

2 0<o-*<^jgffijc»r&iUfcffittfcK»tb*t5 o B^tt* 

2 o<^*iii*^^*tet*»«^ttai^5fc©^fc5o 

[0 0 18] ^7^15 0«t^t°yi5 
2, 1 5 2«5^y 9 0fc£#Sft*yeiMM' 

K1 5 3, 1 5 3tC^y 3/^1 2 OtOigBl 5 1, 15 

^t 9 >1 5 2, 1 5 2cO>/y j/^l 2 0(Oi»BK*f-[6] 
Lfcg|5»15 2a, 15 2a(^7 7fSitLT/y 
^^1 2 0«)WaBlc»fi|*ixfc[U|»l 5 1, 1 5 1 irdfl 

a«^pr«'ft*»i:**tt:v^5 0 ±fa^t°vi 5 2, 

15 2«x7i/yy^-1 5 4, 1 5 4iC ioTillJ 
tl5o ifS^t^l 5 2, 1 5 2 tx7i/yy^-l 
5 4, 1 5 4 irtO^tCtt^^n y Kl 5 5, 1 5 5 A$£ 
^C0-Wl5 5a, 155afc7^yy^ 
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-154, 154(0 t 0 * bVl 5 4 a, 1 5 4 a <05frffi 
fttogteSil,* itiSg* ^ Kl 5 5, 1 5 5(Oftiliffi 

<B»Cjgj*$tLfc«J^ 1 5 5 b, 15 5b^tVl5 

2, 1 5 2\C$zn£tltc&&t°>l 5 2 b, 152bC 
fll*SilT^5. tot, ^Tv^ zsy—l 5 4, 15 

4cOlE«J(Cj:oT, ^tVl 5 2, 1 5 2^^y^ 

1 2 0OjS«Bfcje-&Lfc9»«$*tfc9r6o 

^t°yi 5 2, 1 5 yflcftmirZjjfo 

K&WlZtlX^OimUl 5 2 a, 152a^^y^l 
io 2 OcOH^Sl 2 0 a , 1 2 0 a J:«^t5r tl-«tot 
^7^150, 15 0^^1 (ONtO^l) irfc 

o-c^itji^at^fcs^y ^120 k£>%&±mxh 

5o/fyh2 0 tiSJg^^H, g^tVl5 2, 

1 5 2^^y y?\ 2 0^?>|ltra-r5*rSli-»tt$ix 
T, ^(O^gfl 5 2 a, 15 2ai:^y^^l2 0(7)|U] 
g&120a, 120ai©«^)H»Sh5:J:iao 
T^75/f 1 5 0, 1 5 0^Pl>5t^|g (OFFW 

tfi) i4o-c^yy^i2oto*yh2ot#»«i 

20 [0019] ^^^120^^7^150, 
1 5 0tKg-&S*tfcttlBK*5t^TH:, ^y y^l 2 Ott 
^7yfl50, 1 5 Ote^U-CBlK^t&atW^ltl^lB 

[0 0 2 0] ^y 9 0fctt6*Mrfc 

i 9 otmfthh (@i#d , menti±^ 

- 1 9 OJCioX, »f^#^»f^Lfci:#^X, Y, Z 
cO#«d7ft (H1#BH) &Wn*Lbttffl9*lR»c^5 

[0 0 2 1 ] 04l:fjj|^n 7^i?r^to 
30 [0 0 2 2] flMft)SlS2 0 0(1, P*^h2 0<O^e-^ 6 
0, 70, 100, 110, 1 3 0»t;i4 0Sr|iJ»t 
5^ffla«52 10t, ^ft^lRl^ffiWHl-feVf— 1 
7 0, 1 7 0, • * • , tt^^fflir>f— 18 0,6 
tt^ir^f— 1 9 0fl»fe©ft»JW*-*M#PW2 1 0 

4 0^(Ofl:SS:3HaUfc9 > ^-^6 0, 7 0, 1 0 
0, 110, 1 3 OStfl 4 OteJtL"Caaft*B**t«: 
*tb-t-5f**i|[SFB2 2 0i:*>fe«^Sn5o 4fc, * 
*SS*g&2 2 OfCfi, ft»£B2 3 0, «;Ltf, M8£ 
40 BA^«f#tr«H:. *S^tt«:ltttfc«*-r5BB, t 

[0 0 2 3] JWTtvi, ±lE****3gB 1 0 oftflMco 

[0 0 2 4] *fls#2 4 0lWy 3/7^1 2 0*jfl? 

[0 0 2 5] **<D«*&f?frfc^^fco^T 

xtf, *Jt«*»fii 0S:^-^^/uy 7yf^l:j£ffl 

so ffii?«/«*Jxfc<EfflfflBrt^iEa**©*lRll!: % »fp# 



t# Hfl 2000-246674 (P2000-246674A) 



(4) 



5 

"to 

[0 0 2 6] rw^caT'li, ^7^1 5 0/4Sffil^T*5 
9 , 1-&t>*>, tfV 1 5 2 , 15 2 COASTS 15 2 
a, 1 5 2 a iri/U s^l 2 0<7)Qflg|U 5 1 , 1 5 1 t 

©^^i^w^iii/ioxfc^ ^y ^i 20 

[0 0 2 7] *f^#2 4 Ofl^y ^7°1 2 0^Lfc 

#24 0 WffifiroftB, gS»©B#* tf^fcfi^S* ft 
7 1 7 0, • • -S05«l*|6l^ 
tU-fe^— 180l:<t!)^P7yi20i:a*'yb20 

S»gP2 2 Ofca&fcfLS. f***»2 2 O-Crt, 
^fffl|&PgB2 1 O^b^^E— ^ 6 0, 7 0, 1 0 0, 1 1 

o, i 3 oxim 4 oo&tefc^-rsft^-iite-fe^f- 

-170, 170, 1 8 Ofrh<D\m ■i-t^-g-^ 

Sft, &f£#2 4 0<Dm<r>V7g-y h 2 OCMLTWfi 
B, R»as*tti£ix5. ±ffi-lrvf— 170, l 

70, • - • &o*i 8 owffi^ff^iis&tsiaiciix* 

SJ; 6 0, 70, 100, 110, 130 

Rvi 4 otc^-rsm^fB^w-SL, *-?mffl&2 1 

OJcffi^j-r-Sr iKJ: 9, ^y ^7°i 2 OiiSDjj?^ h 2 

*«-C5«fc5fcftl»-t-5. fV^xSi:, ^yy7"12 
0Oft»WStl^fC»UTD/-K 3 . h 2 OW^y yf%^U 
9 0is*5-SoaWWftEI(iS:«*>ft*te>iifiei-6<0 
X', »f£#2 4 Olin**;, h 2 0©flM:a»lb$&£-i-5*j 

[0 0 2 8] ±tebfcJ:^lc, _t!S#i*P^©, -r^t> 
*>, ^S^I^^^Ui-feVlh- 1 7 0, 1 7 0, • • : 
Rxm^»m±>"9—1 8 0{C«fcoT*;fei»gg|5 2 2 
OI±^y y7l 2 0(D3^7C^t-*J^S^ffiSSr« 

[0 0 2 9] ^jft«*SrfT5»^fco^TlftW 

[0030] xnmTFzno ^^150^ 

afrd-Sft-o^tttR, fe^tvi 52,15 

2 1 5 2 a , 1 5 2 a ^^y j/7°l 2 OOQflgB 1 

5 1, l5llcft^Lfcttti:*ot^5. 
[0 0 3 1] *f^#2 4 0#S %<D^t£k~fo<D-U*®i 

KfcZXBLts^y- hsi'RmtUcttfclstz*—? 6 0, 
70, 100, 110, 1 3 0Ml4 0^O^ftS 
t t'*?»^a2 2 OtCTff^^tL, ?Um%2 1 0£ 



5 

iiUT^e- ^6 0, 7 0, 1 0 0, 1 1 0, 1 3 0&TJ 
14O&IM0PU /Py/12 0^lt»2 4 0 

[0 0 3 2] ^UIiOBtffi^57-f-K^5' 
10 ^ ft ■§•(!, ^—^ 6 0, 7 0, 100, 110, 130 

_S.t>'l 4 o^v=>-^m#st>*6tt^-trv-y— 1 9 0 

[ 0 0 3 3 ] *JtSr«*-f5*&i:«l* L<CV*#frJ: X* 
^7^f 15 0 WON/OF F5rWf9#x5„ 
[0 0 3 4] 77^f 150^OFFW^ON«ffi 

20 tFW^isj^w-fe>"y— 1 8 o[c±9, ^y y/i 2 oic 

»t5n*y h 2 oro^y y7°%ftU9 oco&B, £ 
^, **W(-(i^y yf\ 2 OOQflgM 5 1 , 15 Hi 
^5^^.1 5 2, 1 5 2 1 5 2 a , 152 

-LlELfcJ:5*£, 15 04OFFftllCLT^ 

Slfr&ttnjtfy b 2 0(Di/y ? /$^9 0^!) y7" 

1 2 0ic>tb-c^ic-«coteEBS^^«T?)J;9lcffl^ 

^1 5 0SrON«tl«i:-f5OfcaiS-e*>5*a-fctt. # 
30 |c±ELfcilSE»fm&S#*v*. ifc, ^y77"i2 
0<OIHI^15 1, 15 1iM^fyi52 > 15 2(05? 
g|5 1 5 2 a , 15 2a ©2^(C^te-r5StCli*g-£-»)f£ 

Sr^Btc-r^fcfeic, ^Hfiif-^-Slii 5 1 a, 1 

51a, 152a' , 152a' ZWlVXlb 9 , CixtC 

[0035] ^7yfl5 OSrONttffid^OFFttffi 

[0 0 3 6] ifBLfc^H^ttl 0»c4>oT(±, 
Jt©«*Srfr*»5c^*frk:i4, »fl£#2 4 0 kt)%ft$L 
40 IdJ(ajKyh) 2 0 i«J«««Kt*LTV^^«li 
/jfSO-C. »f^#2 4 0 »4Aje«^» 2 OCDKS^bfl 

l/^tc «t SitftSRSriS 1 5 - i tm< , *flcSrSMrt-C 
#s 4 ^ «t 5 (eglfi /J^k L/j; tt*Ui& i^it^J: 

^-y--zm^x+ / Atet)itzfeir;-fz>mmzmm-fz 

50 -StWT'foSc 
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[0037] */c, *n&7P*nom&, fiffi^pfl^iw 

«# 5 r b K <fc 9 fT 5 r. t tf s x# 6 <dx\ &%<dB 

10 0 3 8] ft*>\ ±fELfcHJ6«7)^fi^4oV'>T^Lfc 

i oicfooxii. mtgtfyy y^zmz 

M^tOt'fcofci!, H5lC*-t-«t5k, i241 
W5feSSCtC^y y^l 2 OA«rB)fc-t-a*'<7V>fc<0 

■^ iH6fc^-r<t5{^ is 2 4 i »3tsffiifptcnisj^ro* 

5 0 5:if U fg*/W^-2 5 0^C"bO^± 

7tt>C0 1 2 0 A-^2 5 OSrffl^-St, ?24 2fcfo< Z 
tKftSWX*. ±BLft^V y?\ 2 0 irWffl-TSr £ 

[0 0 3 9] ±E**0?gfSfc*SV^rH:, ^ y 

-fcvf— „ fc5^t±lit(i h7V7.coJ; 5 ftlbfNo&gft 

gftfe^W-fe ^f— X&o X fcfllfrfci \, 
[0040] S^fci, ±eifetfi©jgl8fc*>i^-ctt. *7 

j/^l 5 0£ s x7->i) v^— 15 4, jSSj^-f Kl 5 
3, JS^fyi 5 2, ig^a J/K15 5ST>*^!; s'T'l 
2 5 UCfcoTHmL-C^fcaS, ^7^fl 

[0041] zbicxtc, ±mmm<nMmic&^xi-±. 
mw^<Dm^MLxti%^^i-?>h<7)^LtciK m 

»urtisi*<c«is-e*jl:a^*j^rfl6-e*>5. * 

ft t>0\ Baifcft J? 

[0 0 4 2] ±|EH^W^fC*3l,>X»4, ^ft# 

** 3 ftTc^Wrt t?BaSr»*» Lfc 9 VomcMtitc 9 1rZ>Vo 
£*Ufc/$5, &56£IS/£bX, m*.ft* 2^ytbLXh 
5¥BirtlcPBoT*f^f-*J»fP4:fT 9 bft 

[004 3] ftib\ ±12 Lfc3HfeW?K«K*SV^T* L7t 

Xff 5 M<MkMZA,<D—m*7F Ltz h tf>Ki§§*-f , rll 

£ #s h o x lift e> ft i '"b o xfc So 

[0 0 4 4] 

[ 31 91 <D%i%\ «±{c|E« u t r h fah W h *>ft i o 
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5^j*fc**»i:, SM*©ttfta»fc.££fca«f«:±iE;*j 

^sp tti%%$LU t (DftrnttLmmmzftK-feic lx& 

[0 0 4 5] Hot, *S5IAtft*iilC3!)otli, 
ftfcSJ 9 »t£ftS<Z>X% Iftf^tfcAfltJg^lfproflMfe^^ 

5 teSSfl&'hSfl: U4:rtntf ft b ft ^ t ^ 5- «t o ft^tf 
'20 ±o»wa*s«i< * 9 , m?£A^BgftT^^^.^-^- 
Srffl^X+^ft*KSrffi*-rSSHl*S8it-t-5ri:^x 

X*^ 5. 

[0 04 6] t)1t<D&&fr;mc? 7 yf-tmifrk 

[0 0 4 7] ^fjfc, tt*p#a»cJ:t)^jJt«*aJi:^JE 
30 38^gpiWffi^ft{4eS0^^^$ix5fc«), * 

*ft«*«5©l6»tell»t«6»«:»ffl-t-5 ^ b *SX# 

So 

[0 0 4 8] S#Jfi2teEfl£*bfc«WfcfcoTtt:, -t 

nfttkmi?? v =?mm t t±w&&&x. x. 9 ^ $ 

i?ia, ±IS2oW7 7 7^*©]5:t^C®r&S^S 

gp^{c(i7-^°-gn^»tfc<ox% ^it«*»i:*jii:« 

40 «4»©^i£«*aiJfc*H-5igft©aixiffc «t 9 9 
) X"b, 2o©^7 7^S*Sr*HfcJ6-&S-fr5 

[0 04 9]*t. 2o©^7 3'5 L ^/45^-a-$tlfct 

ft-5o 
[EIB©ffi*fttft93] 

[El 1 ] 0iBtt**W^I£**§SilOlllt©»ISS:*1- 

IE] 2] 7^«*i*gPi:^I:5l^lfPir(0^^©i¥^Sr^ 
so 1-fiiJffimxfoSo 
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[03] H2<DI I I-I I l5c«H-e*>5o 

[04] w^o»y^[g-efe5o 

[06] ^*«*«oSU^*ffl?«S:*i-»«B|-e*>5o 
IfftoRW] 

1 O'-AKWNSIl, 2 0-n#yh % 
12 0»^y^ ttt»*») » 



(6) 

^SiR) ,15 1a "-r-^-SfP, 15 2a (* 

, 152a' -y'-^-tt, 
1 7 O-^^fSi^&^ffiirV^- , 18 

«; 2 4 0-KMW 



[01] 




12] 



1 5 1 B ...^w<-& 



170a 



160 



15 2a' -5r— 

1 8 O-IMMHt^ (tfefci^&) 



170a 



153 
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